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Abstract

U.S. states have begun legislating mammographic breast density reporting to women, requiring
that women undergoing screening mammography who have dense breast tissue (BI-RADS density
c or d) receive written notification of their breast density; however, the impact that
misclassification of breast density will have on this reporting remains unclear. The aim of this
study was to assess reproducibility of the four-category Breast Imaging Reporting and Data
System (BI-RADS) density measure and examine its relationship with a continuous measure of
percent density. We enrolled 19 radiologists, experienced in breast imaging, from a single
integrated healthcare system. Radiologists interpreted 341 screening mammograms at two points
in time six months apart. We assessed intra- and inter-observer agreement in radiologists’
interpretations of BI-RADS density and explored whether agreement depended upon radiologist
characteristics. We examined the relationship between BI-RADS density and percent density in a
subset of 282 examinations. Intra-radiologist agreement was moderate to substantial, with kappa
varying across radiologists from 0.50-0.81 (mean=0.69, 95% CI (0.63, 0.73)). Intra-radiologist
agreement was higher for radiologists with =10 years experience interpreting mammograms
(difference in mean kappa=0.10, 95% CI (0.01, 0.24)). Inter-radiologist agreement varied widely
across radiologist pairs from slight to substantial, with kappa ranging from 0.02-0.72 (mean=0.46,
95% CI (0.36, 0.55)). Of 145 examinations interpreted as “non-dense” (BI-RADS density a or b)
by the majority of radiologists, 82.8% were interpreted as “dense” (BI-RADS density c or d) by at
least one radiologist. Of 187 examinations interpreted as “dense” by the majority of radiologists,
47.1% were interpreted as “non-dense” by at least one radiologist. While the examinations of
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almost half of the women in our study were interpreted clinically as having BI-RADS density ¢ or
d, only about 10% of examinations had percent density >50%. Our results suggest that breast
density reporting based on a single BI-RADS density interpretation may be misleading due to high
inter-radiologist variability and a lack of correspondence between BI-RADS density and percent

density.

Keywords

BI-RADS density; misclassification; breast density reporting legislation; intra- and inter-
radiologist agreement; percent density

Introduction

Mammographic breast density measures the amount of radiographically dense tissue in a
woman’s breast. The relationship between mammographic density and breast cancer risk has
been investigated in over 40 studies dating back more than 30 years. A meta-analysis
reported a strong linear association between percent density and breast cancer risk and found
that women with breasts that are =75% dense have a four to six times greater risk of
developing breast cancer than women with breasts that are <5% dense (1). In addition to
increasing cancer risk, dense tissue can “mask” lesions on mammograms, decreasing the
sensitivity of screening mammography and increasing the need for additional workup of
uncertain mammographic findings (2, 3, 4).

In clinical settings, mammographic density is typically measured using the four-category
American College of Radiology Breast Imaging Reporting and Data System (BI-RADS)
scale (5). BI-RADS “density a” describes breasts that are “almost entirely fatty,” “density b”
describes breasts with “scattered areas of fibroglandular density,” “density c” describes
breasts that are “heterogeneously dense,” and “density d” describes breasts that are
“extremely dense.” Percent density, which measures the percentage of the total area of a
woman’s breast occupied by dense tissue, is often ascertained in research settings using
computer-assisted methods. Studies that categorize percent density have shown slightly
stronger associations between breast density and breast cancer risk than studies that use Bl-
RADS density (1).

BI-RADS density was originally introduced to allow radiologists to record their level of
concern that a cancer might be missed on mammography because of dense tissue (6) but has
come to be used extensively in research on breast cancer risk and in research on
mammaography performance outcomes (2, 7, 8). Since 2009, at least seventeen states have
passed breast density notification laws, and similar legislation is under consideration in
many other states and in the U.S. Congress (9). The laws differ from state to state but,
generally, require that women undergoing screening mammography who have dense breast
tissue (BI-RADS density c or d) receive written notification of their breast density and be
advised that dense tissue may be associated with an increased risk of breast cancer and may
impact the accuracy of mammography. Women with dense breasts are encouraged to talk
with their physicians about the possibility of additional screening. The U.S. Food and Drug
Administration is expected to issue an amendment to the Mammography Quality Standards
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Act that will address breast density reporting, potentially standardizing notification
nationwide.

We address two concerns related to the use of BI-RADS density in clinical care and breast
cancer research. First, we examine random misclassification due to variability in BI-RADS
density measurements within and between radiologists. Most previous studies that have
assessed agreement of BI-RADS density (10, 11, 12, 13) have been based on a small number
of radiologists interpreting a small number of examinations. In studies involving more than
two radiologists (11, 12, 13), confidence intervals around agreement estimates were either
not provided or do not appear to have properly accounted for correlation among
mammograms interpreted by the same reader. Second, we address the potential for
systematic misclassification, comparing the BI-RADS density interpretations of individual
radiologists to the BI-RADS density interpretations of the majority of radiologists and to a
more objective semi-automated continuous measure of percent density.

Materials and Methods

We used data from a study of whether computer-assisted detection (CAD) improved
radiologists’ interpretative performance, conducted from 2001 to 2002. Detailed descriptions
of the study design and test set are provided elsewhere (14). Briefly, we enrolled 19
radiologists, experienced in breast imaging, from six facilities in a single integrated
healthcare system. Participating radiologists interpreted a test set of 341 bilateral screening
mammograms during two four-hour sessions at the start of the study and, again, during two
four-hour sessions roughly six months later. During each session, radiologists interpreted
approximately 90 examinations without CAD (unassisted interpretations) and approximately
90 examinations with CAD (assisted interpretations). Radiologists reviewed craniocaudal
and mediolateral oblique views of a woman’s left and right breasts on a reviewer board,
which included prior films, if available, and a summary sheet with the woman’s age and
family history of breast cancer. The ImageChecker M2 1000 system (version 2.2, R2
Technology) was used for assisted interpretations. The health plan’s institutional review
board approved this study. Radiologists provided informed consent, and a waiver of consent
was granted for use of mammography examinations.

Women contributing examinations to the test set had a screening mammogram interpreted in
the healthcare system between 1996 and 1998 and were enrolled in the healthcare system for
at least two years following screening. The test set was constructed to include approximately
twice as many examinations of women with cancer (i.e., invasive carcinoma or ductal
carcinoma in situ within two years) as without and roughly equal numbers of non-dense (BI-
RADS density a and b) and dense (BI-RADS density ¢ and d) examinations based on the
clinical interpretation, similar to clinical practice (15).

Density measures

Our data included three density measures for each examination. First, we defined clinical
BI-RADS density as the maximum of the left and right BI-RADS densities as interpreted in
clinical practice.
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Second, in the test setting, radiologists recorded an overall BI-RADS density for each
examination, for both unassisted and assisted interpretations, according to the ACR BI-
RADS 3" edition density definition (16). Radiologists received no special training regarding
the BI-RADS lexicon because they had been using it since its inception and were unaware of
the BI-RADS density interpretation made in clinical practice. We determined the majority
report for each examination as the mode of the BI-RADS density interpretations from the
test setting. Majority report was the same under the unassisted and assisted conditions for
315 of the 325 examinations for which there was one most frequent category. We, therefore,
present the majority report for unassisted interpretations only.

Third, in 2008, continuous percent density was determined for the 282 examinations that
were available to be digitized. Films were scanned using a Kodak Lumisys 85 scanner
(Eastman Kodak, Rochester, NY) at a resolution of 87 microns/pixel for small films and 116
microns/pixel for large films. A single reader (E.A.B.) measured percent density using
interactive thresholding (17, 18) with the Cumulus program (University of Toronto,
Toronto, Canada). With interactive thresholding, a reader uses a computer program to view
each digitized image and select a threshold brightness that distinguishes dense tissue from
non-dense tissue. Percent density is calculated as the ratio of the number of pixels with
brightness above the threshold level to the total number of pixels in the breast. All percent
density measurements were made without knowledge of a woman’s clinical density and
were based on the craniocaudal view of the left breast.

Statistical analysis

We measured intra- and inter-radiologist agreement using percent agreement and kappa
(19). Percent agreement is a “raw measure,” which provides the percentage of
interpretations for which both raters agree. Kappa is a “chance corrected measure,” based on
the difference between observed agreement and agreement expected due to chance; values
less than 0 represent poor agreement, values 0.00-0.20 slight agreement, values 0.21-0.40
fair agreement, values 0.41-0.60 moderate agreement, values 0.61-0.80 substantial
agreement, and values 0.81-1.00 almost perfect agreement (20).

We determined intra-radiologist agreement for each radiologist based on his or her
unassisted and assisted interpretations and determined overall intra-radiologist agreement as
the mean of the agreement measures for individual radiologists. Inter-radiologist agreement
was determined separately for unassisted and assisted interpretations. For a given condition,
we calculated agreement for each pair of radiologists based on examinations interpreted by
both members of the pair and determined overall inter-radiologist agreement as the mean of
the pairwise measures.

We calculated intra- and inter-radiologist agreement by cancer status and by radiologists’
years of experience interpreting mammography, percent time devoted to breast imaging, and
interpretive volume. Inter-radiologist agreement was similar for unassisted and assisted
interpretations; therefore, we present results for unassisted interpretations only.

We used a bootstrap approach (21) to construct confidence intervals for estimates of
agreement and differences in agreement. For the test set of 341 examinations, each bootstrap
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sample was generated by randomly selecting 341 examinations with replacement from the
original sample then randomly selecting 19 radiologists with replacement. The re-sampling
of examinations was stratified by cancer status, to mimic the original study design (14). We
calculated 95% confidence intervals based on 5,000 bootstrap samples using the bias-
corrected percentile method.

We used Stata/SE 9.2 for Windows (StataCorp LP, College Station, TX) and R (version
2.8.0, R Foundation for Statistical Computing, Vienna, Austria) to plot distributions of BI-
RADS density and percent density, respectively. Remaining analyses were performed using
SAS 9.2 (SAS Institute, Cary, NC).

Of the 19 participating radiologists, 13 (68.4%) had =10 years experience interpreting
mammography, 12 (63.2%) devoted 20-39% of their time to breast imaging, and 10 (52.6%)
interpreted <50 mammography examinations in an average week (Table 1). Of 341 women
contributing examinations to the test set, 227 (66.6%) had a diagnosis of invasive carcinoma
or ductal carcinoma in situ within two years following their clinical examination.

Our analyses included 341 BI-RADS density interpretations obtained in clinical practice,
6,263 interpretations under the unassisted test condition, and 6,233 interpretations under the
assisted test condition. Radiologists interpreted BI-RADS density for 251-341 examinations
under the unassisted test condition, 251-341 examinations under the assisted test condition,
and 162-341 examinations under both test conditions. Some of the examinations in the test
set had been interpreted by radiologists in our study in clinical practice. Fourteen of the 19
study radiologists interpreted examinations for women in the study in clinical practice, with
the number of clinical interpretations per study radiologist ranging from 4-30.

Clinically, 5.9%, 44.0%, 38.4% and 11.7% of examinations were interpreted as having Bl-
RADS density a, b, c, and d, respectively (Figure 1). Overall, radiologists were more likely
to assign BI-RADS density b and less likely to assign BI-RADS density ¢ in the clinical
setting than in the test setting. Across individual radiologists, the percentage of unassisted
examinations interpreted as BI-RADS density a, b, ¢, and d ranged from 0 to 17%, 3.1 to
52.8%, 30.9 to 90.2%, and 2.4 to 28.5%, respectively. Of 145 examinations (43.7%) with
majority report a or b, 120 (82.8%) were interpreted as having BI-RADS density ¢ or d by at
least one radiologist in the test setting. Of 187 examinations (56.3%) with majority report ¢
or d, 88 (47.1%) were interpreted as having BI-RADS density a or b by at least one
radiologist. Almost all examinations (n = 316, 92.7%) were interpreted as having BI-RADS
density ¢ or d by at least one radiologist.

Intra- and inter-radiologist agreement

Percent intra-radiologist agreement for individual radiologists ranged from 66 to 95%, with
mean 82%, 95% confidence interval (Cl) (78%, 85%), and kappa values ranged from 0.50 to
0.81, with mean 0.69, 95% CI (0.63, 0.73) (Table 2). Percent inter-radiologist agreement for
radiologist pairs ranged from 33 to 82%, with mean 65%, 95% CI (59%, 71%), and pairwise
kappa values ranged from 0.02 to 0.72, with mean 0.46, 95% CI (0.36, 0.55). One
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experienced radiologist exhibited only slight agreement with other radiologists, with
pairwise kappas in the range 0.02 to 0.19. With the removal of this radiologist’s data, the
minimum pairwise kappa increased to 0.07, and overall inter-radiologist agreement
increased to 0.50, 95% CI (0.43, 0.57). We found no difference in intra- or inter-radiologist
agreement for examinations of women with cancer versus without cancer.

Radiologists with =10 years experience had higher intra-radiologist agreement (mean
kappa=0.72, 95% CI (0.67, 0.76)) than radiologists with <10 years experience (mean
kappa=0.62, 95% CI (0.48, 0.70)). Radiologists with =10 years experience also had higher
inter-radiologist agreement (mean pairwise kappa=0.52, 95% CI (0.41, 0.61)) than
radiologists with <10 years experience (mean pairwise kappa=0.36, 95% CI (0.15, 0.54)),
although this difference was not statistically significant (difference=0.16, 95% CI (-0.06,
0.40)). We observed no relationship between intra-radiologist or inter-radiologist agreement
and radiologists’ percent time devoted to breast imaging or interpretive volume.

We observed moderate agreement between clinical BI-RADS density and majority report,
with kappa equal to 0.55, 95% CI (0.48, 0.64). The clinical interpretation and majority
report agreed for 71% of examinations and rarely disagreed by more than one density
category (Table 3). Examinations with clinical density a were more likely to have a majority
report of b than a (55% versus 45%, respectively).

Percent density

Median percent density increased with clinical BI-RADS density, but there was considerable
overlap in the range of percent density across BI-RADS density categories. Examinations
with clinical BI-RADS density a, b, ¢, and d had percent density ranging from 1 to 20%
(median 4%), 1 to 65% (median 14%), 8 to 61% (median 30%), and 26 to 91% (median
52%), respectively (Figure 2).

Of 104 examinations with clinical BI-RADS density c, 34 (32.7%) had percent density
<25%, and 64 (61.5%) had percent density 25-50% (Table 4). Of 35 examinations with
clinical BI-RADS density d, 13 (37.1%) had percent density 25-50%.

Across radiologists, distributions of percent density were similar for examinations
interpreted as having BI-RADS density a in the test setting and for examinations interpreted
as having BI-RADS density b (Figure 3). We saw more within- and between-radiologist
variability in percent density distributions for examinations interpreted as having BI-RADS
density ¢ and d.

Discussion

Among 19 radiologists interpreting 341 screening examinations twice, we observed
substantial overall intra-radiologist agreement, consistent with prior studies (10, 12).
Radiologists exhibited moderate or better agreement in their interpretation of the same
examination, agreeing with themselves 66-95% of the time. In contrast, inter-radiologist
agreement was only moderate and was lower than in most previous studies (10, 12, 22).
Pairs of radiologists agreed only 33-82% of the time. Radiologists with more years
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experience interpreting mammograms exhibited higher agreement than radiologists with
fewer years experience, but we observed no relationship between agreement and other
radiologist characteristics.

More than 50% of examinations with clinical BI-RADS density a were interpreted as having
BI-RADS density b by the majority of radiologists in our study, and almost 40% of
examinations with clinical BI-RADS density d were interpreted as having BI-RADS density
¢ by the majority of radiologists. This misclassification has implications for risk prediction
modeling that incorporates BI-RADS density, as the predicted risk for a woman with Bl-
RADS density a or d (i.e., a woman at lowest or highest risk for breast cancer based on
breast density) may depend upon the radiologist who interprets her examination. Women
who use online tools (23) to estimate their risk of developing breast cancer may find that
their risk is under- or over-estimated because of misclassification of BI-RADS density. For
example, Tice et al. (24) found that, among women age 64 years and younger, five-year risk
of developing invasive breast cancer for women with BI-RADS density b was two to two
and a half times that for women of the same age with BI-RADS density a.

Misclassification also has implications for the reporting of breast density to women who
have dense breasts. More than 80% of the women who were determined to have non-dense
breasts by the majority of radiologists in our study were found to have dense breasts by at
least one radiologist. Such false positive reporting of dense breasts could lead numerous
women to undergo additional, possibly unnecessary, screening tests or to be unnecessarily
concerned about increased risk of cancer. Almost half of the women who were determined
to have dense breasts by the majority of radiologists were found to have non-dense breasts
by at least one radiologist, suggesting that misclassification may also lead to false negative
reporting of dense breasts, possibly creating a false sense of security among these women.

Radiologists varied in their assignment of BI-RADS density relative to percent density but
tended to assign higher BI-RADS densities to examinations with greater percent densities.
While the examinations of almost half of the women in our study were interpreted clinically
as having BI-RADS density c or d, only about 10% of examinations had percent density
>50%. This, too, has implications for the reporting of breast density to women, as a woman
may be considered to have dense breasts based on the categorical density measure but not a
continuous density measure.

Our study has several limitations. Study radiologists practiced within a single healthcare
system and the majority had more than 10 years of interpretive experience at the time of the
study. Our results may, therefore, underestimate variability in a more diverse population of
radiologists. In our study, BI-RADS density was interpreted based on four views of the
breast; percent density was measured based on only one view. Studies have shown a strong
correlation between percent density for the left and right breasts and between the
craniocaudal and mediolateral oblique views when percent density is measured using
interactive thresholding (25). Still, our results may underestimate disagreement between BI-
RADS density and percent density. Radiologists in our study interpreted film-screen
mammograms. While use of digital mammaography is becoming more common in clinical
settings, Harvey et al. (26) found no difference in reported BI-RADS density for film-screen
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versus digital mammograms. Finally, for comparisons of BI-RADS density and percent
density, we categorized percent density according to the BI-RADS 4™ edition density
definition (27), which defined density both in qualitative terms and in terms of the percent
glandular material in the breast (<25%, 25-50%, 51-75%, and >75% for categories a, b, c,
and d, respectively). References to percent glandular material did not appear in the BI-
RADS 3" edition density definition (16) and were eliminated in the 51 edition density
definition (5). We might have used other cut points to categorize percent density. However,
given the considerable overlap in the range of percent density across BI-RADS density
categories that we observed, our study suggests that some women identified as having dense
breasts based on BI-RADS density may not be identified as having dense breasts based on
percent density and vice versa, regardless of the cut points used. Among its major strengths,
our study included more radiologists interpreting more examinations than most previous
studies, properly accounted for correlation among examinations interpreted by the same
radiologist in quantifying errors in estimates of agreement, and is one of the first to
investigate how agreement depends upon radiologist characteristics.

There will likely be a place for BI-RADS density in clinical care and breast cancer research
for some time to come. While fully automated and objective measures of breast density,
such as the three-dimensional measures provided by digital breast tomosynthesis (28), are on
the horizon, they are at least several years away from widespread use. BI-RADS density
measurements are limited, however, in part because of the misclassification issues we have
described. Investigators using BI-RADS density for research purposes should, therefore,
attempt to understand the limitations of the measure and address these limitations in their
research. For example, statistical models may be improved by including information about
misclassification of BI-RADS density and how this differs by radiologist (29). When only
BI-RADS density measurements are available, it may be useful to include in models a
covariate indicating the radiologist who interpreted BI-RADS density or covariates
representing radiologist characteristics. Our study suggests that breast density reporting
legislation has the potential to impact large numbers of women undergoing screening
mammaography, with both false positive and false negative reporting of dense breasts
possible due to misclassification of BI-RADS density. As breast density reporting is
integrated into clinical practice, further consideration as to how best to notify women of
their BI-RADS density, in a way that informs them of the risks associated with high density,
while at the same time conveying the limitations of the measure, may be in order. Women
and their physicians should understand that breast density is an imperfect measure and is
expected to vary, even when an examination is interpreted two different times by the same
radiologist, with potentially greater differences when interpreted by two different
radiologists.
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Figure 1.
Distributions of BI-RADS density interpretations from the test setting” by radiologist,

clinical BI-RADS density interpretations, and majority report from the test setting™®.
*Unassisted interpretations

*Majority report was determined for each examination as the mode of BI-RADS density
interpretations from the test setting for that examination.
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Figure 2.
Distributions of percent density within each category of clinical BI-RADS density.

The dashed horizontal lines provide the ranges of percent density that would be expected

d

within each BI-RADS density category based on the BI-RADS 41" edition density definition.
The thick horizontal line provides the median and the box provides the interquartile range
for each category of clinical BI-RADS density. Whiskers extend 1.5 times the interquartile

range. Outliers are also plotted.
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Estimated probability of percent density given BI-RADS density

Percent density

Figure 3.
Distributions of percent density for (top to bottom) BI-RADS density category a, b, ¢, and d

interpretations™ from the test setting, by radiologist.

"Unassisted interpretations

The dashed vertical lines provide the ranges of percent density that would be expected
within each BI-RADS density category based on the BI-RADS 4t edition density definition.
The solid vertical lines provide, for each BI-RADS density category, the overall median of
percent density measurements for that category. For a given BI-RADS density category, the
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overall median was calculated as the median of the median of percent density measurements
for each radiologist.
Curves based on majority report are overlaid in thick black.
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